A simple kit for rapid detection of potato virus Y by latex serological test was developed. The test is carried out on a white cardboard sheet and the results can be read by naked eye in two minutes. A test card of 10 x 6 cm holds latex sensitized antibodies, buffers and other necessary ingredients as dry blue colored formulate on the ringed areas of the card. A test card includes space for six tests and positive and negative controls. The kit also includes disposable plastic sticks for mixing the samples with test reagents and a hand press with disposable plastic tips.
Introduction
Serological diagnosis of plant viruses has developed drastically during the past decade, particularly with the introduction of labelled antibody techniques, especially the ELISA (enzyme-linked immunosorbent assay, Clark and Adams 1977) . Also, the latest research interest in developing more advantageous serological techniques has mainly focused on labelled antibody techniques originating in medical immunology. However, interest in the 169 JOURNAL OF AGRICULTURAL SCIENCE IN FINLAND study of essentially simpler but sufficiently reliable tests has remained limited.
The ELISA has a number of advantageous properties over the methods previously used for routine detection of plant viruses, above all high sensitivity and specificity, and it is easy to be applied in any moderately equipped research laboratory. However, it cannot be used for field diagnosis, and it takes one to one and a half days to have the results.
At present, the ELISA is the only relatively rapid test method for the detection of potato virus Y (PVY). Other more traditional techniques such as the agglutination test, microprecipitin test (van Slogteren 1957) , and radial immunodiffusion test (Shepard 1972 , Richter et al. 1979 , are not sensitive enough for the routine detection of PVY in potato tubers or leaves.
The latex serological test (Bercks 1967 , Abu Salih et al. 1968 ) offers potential sensitivity for the detection of barley yellow dwarf virus in plant extracts (Aapola and Rochow 1971) . However, the test is too complicated with its preparatory steps, and thus has not aroused sufficient interest as a routine technique. The latest attempts of developing latex serological test kits for practical diagnosis of PVY (Talley et al. 1980 , Wiedemann and Fuchs 1983 , Fribourg and Nakashima 1984 have been promising, but the tests are still to laborous or complicated for easy diagnosis in the field or on the farm.
The aim of this study was to develop a simple but highly sensitive and reliable test kit for the extremely rapid detection of potato virus Y by latex serological principle.
Materials and methods

Antibody production and characterization
For the production of PVY specific antibodies for the test kit, a Y" strain isolate F43 was selected for an antigen. This isolate is serologically closely related to the isolate YSFIS (Kurppa 1983, Kurppa and Korhonen 1984) and is thus suitable for raising up antibodies to recognize all isolates of potato virus Y found in Finland. The virus was propagated in Nicotiana tabacum cv. Samsun and purified with a slightly modified method of Richter et al. (1979 b) . The final purification step was density gradient centrifugation in nuclease-free sucrose gradients (5 -35 %) prepared in 0.1 M borate buffer at pH 8.2. The purified material showed a single polypeptide band having a mol. wt. of 33 000 when analyzed by polyacrylamide gel electrophoresis in the presence of sodium dodecylsulphate (SDS-PAGE, Laemmli 1970 ). This value, although higher than that calculated from the amino acid sequence (Shukla et al. 1986 ), agrees well with the values obtained by other investigators using SDS-PAGE (deßoxx 1981 , Aruta 1983 ). The preparations had A 260/A2go-ratio of 1.13-1.23, which is well in line with the value previously described for the purified virus (deßoxx 1981). Electron microscopy of the purified virus was carried out after negative staining with phosphomolyblic acid. It revealed long, thin flexible structures characteristic of potato virus Y (Fig. 1 ).
Rabbits were immunized by subcutaneous injections of purified virus (100 ng) emulsified in Freund's incomplete adjuvant. The injections were given on days 0, 21 and 35, and blood was collected on day 44. Sera showing good litres (below) were pooled and immunoglobulin fraction was precipitated with ammonium sulphate at a 50 % saturation. The precipitated immunoglobulins were dialyzed against 0.9 % NaCl and stored at -2O°C. For the characterization of antibodies in the ELISA, immunoglobulins were separated from the antisera using columns of protein A-Sepharose CL 4B and Sephadex G-25 (Pharmasia). Immunoglobulin fractions were used at concentrations of 0.25, 1 and 4 gg/m\ for coating the plates. Comparative dilutions from enzyme conjugates of Y n and Y°s train antibodies were made for the test. Test samples included known isolates of PYY in potato leaf extracts, and the double sandwich procedure of Clark and Adams (1977) was used.
Preparation of latex reagent and test card
For preparation of test latex reagent, polystyrene latex particles (diameter 0.8 1 % final concentration) were incubated with antipotato virus Y antibodies at varying concentrations in 0.1 M-glycine buffer pH 8.2 for 2 h at 37°C. After the incubation, bovine serum albumin was added to a concentration of 0.1 %. The latex reagent was sedimented by centrifugation and resuspended in the above buffer containing 0.1 % albumin. This washing procedure was repeated twice. Control latex reagent was prepared as above but with immunoglobulins isolated from nonimmune rabbit serum.
The prepared latex reagents were tested for agglutination by purified potato virus Y and by plant sap from potato sprouts and potato leaves infected with the virus as well as by plant sap from healthy plants. . 2) .
To characterize the practical properties and reliability of the latex test a comparison with the standard double sandwich ELISA (Clark and Adams 1977) was done. The same extracts from potato sprouts and leaves were tested with both methods. In the ELISA antibodies and their enzyme conjugates to Y" and Y°strain isolates were used.
Test groups of 18 sprouted tubers were formed. Each group included 6 to 12 tubers naturally infected with PYY, and the remaining tubers were healthy or infected with other potato viruses (Tables 1 and 2 ). The number of potato cultivars tested totalled eleven. The tubers within the groups were mixed to avoid expected results in the latex test. After testing of sprouts, the tubers were planted in peat substrate in a greenhouse. A few sample tubers from the preceding test had to be replaced because no emerging sprouts were left after sample taking.
The comparative tests from potato leaf samples were done three to four weeks later. At first undiluted leaf extracts were used but because of the harmful effect of dark green color on the visibility of latex agglutination reaction, the test samples were later diluted 1:5 in unbuffered saline (0.15 M NaCI).
For preliminary experience in testing of field grown potato plants, a comparative test with 120 leaf samples was done in late July.
The test results obtained with the latex test and with the ELISA were compared in each test group by counting identical and different recordings and trying to find out the reason for disagreement in each case. 1 Test groups I -9 1 -9 also included samples infected with PVM, PVS and PVX : Poorly developed tiny sprouts, c 0.5 cm long
Results
Potential and optimising of the latex method Antisera raised in the rabbits for the test kit were highly virus specific. Some strain specificity to PVY" was present, as expected, and there were also minor differences between antisera from different animals. Specific IgG fractions from the antisera, when used for coating the ELISA plates, resulted in the following comparative absorbance readings from potato leaf samples (IgG, enzyme conjugate = 1 /ig/ml, substrate incubation 20 mins at 20°C): a) PVY" conjugate, Y n samples 1. Immunoglobulins from our high-titre antisera were effective in coating latex particles at concentrations as low as 10 -20/tg/ml. The resulting test latexes were agglutinated by sap from infected but not from healthy potato sprouts. However, using very low amounts of antibody for coating introduced a risk of getting false negative reactions by samples containing very high amounts of the virus (antigen excess). Therefore, we chose to coat the test latex with a slightly higher antibody concentration of 40 pg/ml. Test latexes pre- pared by using this coating concentration were agglutinated by purified virus at concentrations of 1 /rg/ml or higher; we tested the reagent for agglutination by high viral concentrations and found the reagent to be effectively agglutinated at the highest concentration tested (200 gg/m\ With the latex test the agglutination reaction was clear and easy to read if well developed sprouts grown in the darkness or under weak non-continuous light were used. The reaction was normally completely developed after two minutes' gentle rotation of the test card but in a few cases an extra minute of agitation increased the clearness of virus specific agglutination. Rotation of the card for five minutes or longer may result in nonspecific reactions. In testing of samples from well developed pale and juicy sprouts, the comparability with the ELISA recordings was excellent, 91 per cent (Table 1) .
Because of their violet color sprout samples from tubers kept under strong natural or artificial light caused some visibility problems of the virus specific reaction. The latex agglutination reaction on the white card was at least as intensive as with the pale sprout sap but it became partially covered with colored material. The reaction remained reliably readable, if the sample extract did not contain much crushed material with large plant cell particles. Coarce crushed opaque plant material may accumulate particularly at the edges of the ringed test area and completely cover the virus specific latex agglutination reaction. Similarly negative reactions may remain unconfirmed.
Potato tubers at the early stage of sprouting were not suitable for testing PVY in the sprouts with the latex test or with the ELISA. No more than c 50 % of the virus infected samples could be detected with the latex test (Table 1) and false negatives were also found with the ELISA from sprouts of c 5 millimeter long or shorter. Almost no false positive recordings were made, which indicates low virus concentration being responsible for the unsatisfactory results.
Exceptionally high ELISA absorbances did not necessarily indicate intensive agglutination in the latex test. In the range of absorbance values from c 0.3 to 2.0 (30 mins of substrate incubation at 20°C) all comparative latex agglutination reactions could have almost the same intensity.
Intense non-transparent green color in undiluted potato leaf sap disturbed the interpretation of the results in the latex test. Although virus positive reactions developed rapidly during card rotation, agglutinated latex particles were sometimes hardly visible through thick colored material. After ten test groups, testing was discontinued because only c 70 % of the positive recordings were true positives when compared with the ELISA. Insufficient reliability in the latex test was due to both false positive and negative recordings.
When the test comparisons were repeated using 1:5 diluted (in unbuffered saline) potato leaf extracts, the non-specificity problems almost disappeared and a comparability of 92 % with the ELISA was reached (Table 2, Fig. 2) . False positive recordings were more common than missing positive reactions, which indicated at least sufficient sensitivity of the latex test in the detection of PVY in diluted potato leaf extracts. False positive readings were mostly caused by accumulation of coarse plant cell material present in the sap samples.
Testing of leaf samples from field grown potatoes gave completely identical results compared with the ELISA. Agglutination reaction was always clear if a minimum sufficient volyme of undiluted sap (15 -20 /d) to cover the test area on the card was used. An increased sample volume may result in antibody-antigen imbalance (antigen access), which appears in poor or prohibited agglutination. The petioles of the leaves were found as exellent material for testing.
Potato virus Y could be detected reliably with the latex test in potato leaf extracts diluted 1:50 in unbuffered saline. A dilution of 1:100 caused an increasing proportion of questionable reactions to occur. When dilutions of 1:3 or less were tested, false positive or masked reactions became increasingly common.
The latex test did not react to any other potato viruses than PVY.
Discussion
The results shown in Tables 1 and 2 indicate that our latex agglutination test was strictly specific for potato virus Y. This was no doubt very much due to the successful immunization procedure producing high-titered antisera with good specificity. We feel that a high antibody titer is essential in developing this type of a latex since it allows the antibody to be used at relatively low concentrations in the preparation of the latex reagent. Although low titre antisera have been successfully used with the antibody sensitized protein, A-coated latex (PAL) in some cases as reported by Torrance (1980) , it always introduces a new source of increased non-specificity.
The low concentration of antibody used in the coating of the latex effectively dilutes out possible contaminating antibodies against plant tissue. The immunogen is never absolutely pure, and even minor impurities can give rise to significant production of contaminating antibodies. Some of our antisera did show traces of antibodies against potato sap components. Also, using high immunoglobulin concentrations to coat latex particles, we found that normal potato sap components (possibly lectins) agglutinated the latexes even in the absence of viral antigens. As compared to other latex tests described for the detection of potato viruses X, S, and Y (Talley et al. 1980 , Fribourg and Nakashima 1984 , Franc and Banttari 1986 , our test is significantly faster. Incubation times of I-2 h have been used in previous tests, with our latex test, however, the result can be obtained in two minutes. Prolonged incubation time could possibly increase sensitivity, but this seems unnecessary in the light of our present results which show that our latex test has a predictive value close to that of the ELISA.
The buffer system used in our latex test did not give maximum sensitivity for the test. In initial experiments with purified virus particles we noted that lowering the pH of the assay system to pH 6 considerably increased its sensitivity. However, those buffers were poorly compatible with the drying system used. We also tried Tween 20 and mercaptoethanol (Fribourg and Nakashima 1984) in our test buffer, but this led to no improvement in the performance of the assay. However, the glycine buffer selected as the test buffer did give fair sensitivity, and it was compatible with the reagent drying procedure used by Ani Biotech.
The properties of the antibodies produced for the test kit were well suitable for the purpose with exellent recognition of heterologous isolates of Y n and Y°strains. Reliable detection of various PVY isolates with a single polyclonal antiserum agrees with the results of Torrance (1980) but disagrees with the data of Maat and deßoxx (1978) , who have reported distinct serological relations between the two type strains of PVY. Perhaps the different assays used can partially explain this discrepancy. In our previous studies (Kurppa 1983 ) significant serological differences were present between Y n and Y°strain isolates, but with careful selection of an immunogen, much of this diversity could be avoided.
Practical comparative tests clearly confirmed the high potential of our simple latex serological test for the detection of potato virus Y. The results obtained from naturally developed sprouts with the latex test demonstrated exellent comparability with the ELISA, which in the detection of PVY in potato sprouts has been found highly reliable by several researchers including Maat and deßoxx (1978) , Gugerli and Gehringer (1980) , and Kurppa (1983) . The low virus concentration together with the irregular distribution in primarily infected tubers, reported by Beemster (1967) and Weidemann and Wigger (1984) may cause inaccuracy in any testing procedure but this can be effectively avoided by breaking of dormancy with Rindite treatment as shown by Gugerli and Gehringer (1980) and Vetten et ai. (1983) . Low virus concentration was also clearly demonstrated in our experiments in some groups of samples at the early stage of sprouting but a sufficiently high concentration was reached with prolonged sprouting. The drastic effect of Rindite treatment in raising up PVY concentration is unquestionable, but for practical reasons it is an unwanted step here. Our previous experiments have shown that PVY is relatively evenly distributed and it achieves a sufficiently high concentration during tuber sprouting at a room temperature when the sprouts have reached the length of two to three centimeters.
The sufficient sensitivity of the latex serological test for the detection of potato virus Y in potato leaves has been previously reported by Khan and Slack (1978) , Talley et al. (1980) , Torrance (1980) and Fribourg and Nakashima (1984) . Thus the problem in the detection is not the lack of sensitivity but non-specificity arising from chlorophyll, lectins and other cell materials.
Masking of specific latex agglutination reactions or non-specific accumulation of green cell materials could be almost completely avoided by dilution of the leaf extracts in unbuffered saline (1:5). However, this is an unwanted extra step for field diagnosis, and alternatives to sample dilution have to be studied. The use of leaf petioles instead of laminae or even stems as test samples may offer essentially less chlorophyll containing extracts. Our experience in testing field grown potato plants is limited, but it seems very likely that no dilution of leaf sap is necessary for accurate virus detection in secondarily infected leaf tissue. Potato stems may also be suitable material for testing and at a late stage of the growing season they may also serve as exellent indicators for primary tuber infection.
At present our latex test kit offers accurate detection of potato virus Y in sprouts, but it can also be applied for virus detection in green plant samples, ifa few precautions are taken.
